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METHOD FOR ASSEMBLING A CIRCUIT 

The present invention relates to a method for automatically assembling an electronic or 
optical circuit, in particular a microwave circuit. 

Most of the automatic .placing devices and methods of the prior art are concerned with 
5 distributing a large number of electronic components quickly and reproducibly on a 
common circuit board Usually, such a circuit board is plain, so that all circuit 
components have to be placed at the same level. 

Such a. circuit board is usually provided with one or more reference marks, also called 
1 0 Fiducials, that are intended to be detected by an image recognition system of the placing 
machine, so that it may, based on the thus detected positions of the reference marks and 

• • - * 

the control data that indicate fhB position of the individual circuit components with 
respect to the reference marks, place these circuit components correctly on the circuit 
board even if the position of the circuit board in which the placing is carried out does 
1 5 not exactly agree with a desired position. 



Optical and electro optical circuits and electronic circuits for high frequency 
applications often have a complicated mechanical design in which the individual circuit 
components are distributed onto one or more substrates, which, in term, are placed on a 
20 base plate, e.g. a printed circuit board. 
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The use of conventional placing machines for assembling such circuits is difficult for 
various reasons. If a circuit is to be built up on the base plate successively from 

Ml 

individual components, which here shall comprise in particular the substrates and the 
electronic/optical/optoelectronic or other types of signal processing circuit components, 
5 tiiese components must be placed precisely. If a substrate is placed inaccurately, the 
path lengths between various substrates on the base plate may differ firom a predefined 
value, whereby the placement of the circuit parts formed on the individual substrates 
may be impaired. Also, an inaccurately placed substrate causes inaccuracies of 
placement of all components subsequently mounted on it. If the substrate is displaced 
10 into a first direction from its desired position, all components placed on the substrate 
have a systematic displacement with respect to the substrate which is inversely equal to 
the displacement of the substrate with respect to the base plate. 

• • • 

It might be envisioned that this problem be to handled in several steps. Firstly, placing 
15 circuit components on the substrates, and afterwards, eventually also by automatic 
placement, to place the thus obtained hybrid elements on the base plate. However, such 
a solution is very time consuming, because if a number n of hybrid elements is to be 

mounted -on-a base -plate, this requires n+1 placing operations, in each of which^a 

support which is to receive components and which may be a substrate or the base plate, 
20 has to be positioned exactly at the placing machine and must be removed after placing. 
The high number of positioning and placing operations requires considerable time. 
Moreover, such a procedure requires that all hybrid elements must be finished before 
starting to mount them on the base plate. The finished hybrids must be stacked for some 
time, which requires administrative effort. Since it is usually desired for efficiency 
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reasons to manufacture the required hybrid elements in series of large numbers, stacking 
the hybrid elements may also require a considerable financial effort. 

The object of the present invention is to provide a method for automatically placing 
5 components on a base plate, which allows for an economic automated manufacture of 
circuits containing hyteid elements with high quality. 

The object is achieved by a method for automatically placing components such as 
substrates or circuit components on a base plate, based on predefined position data, 
1 0 comprising the following steps: 

a) detecting the position of at least one reference mark formed at the base plate; 

b) calculating a target position for placing a substrate on the base plate based on the 
detected position of the j^rst reference mark and the predefined position data for said 

15 substrate, and placing the substrate at the calculated position; 

c) detecting the position of at least one second reference mark formed at the 
substrate; 

,d) calculating a-target-position-for placing the componerit on the subs&a based on 

the detected position of the second reference mark and the predefined position data for 
20 said component, and placing the component at the calculated target position. 



The component mentioned in step d) may be a circuit component or a further substrate. 
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The detection of tiie position of the at least one first reference mark allows a comparison 
of the position occupied by the base plate at the placing ma-chine with an expected or 
ideal position and to take aqcount of it when placing components on the base plate. 
Thus, inaccuracies of positioning the base plate do not necessarily lead to systematic 
displacements of the circuit components mounted inm^ately on the base plate. If one 
of the components mounted directiy or indirectly on the base plate is a substrate which 
is to serve as a support for further components, the detection of the position of this 
substrate allows a comparison of its effective position with a position specified by the 
predefined position data and account to be taken of differences between the two when 
placing a component on said substrate. Systematic inaccuracies are thus avoided when 
placing components on the substrates, and the accuracy of placement of these 
components is just as good as when the concerned substrate had had its components 
mounted to it separately and had only afterwards been mounted on the circuit board. 

• • . 

If only one reference mark is detected in step a) or step c), this allows a calculation of a 
displacement between real and expected positions of the base plate at the substrate, 
respectively, based on the assimnption that the orientation of base plate and the 

--'*??E??*i^^'y^ is correct. -If two -reference marks are detected, both a~ 
displacement and a tilt of the base plate and the substrate, respectively, with respect to 
the expected position may be calculated and compensated. 

In order to fix a component at the surface of the base plate or of the substrate mounted 
to it, the component is preferably pressed against an adhesive layer applied to the base 
plate or the substrate, respectively, with a predetermined pressing force and pressing 



wo 2004/1 10126 PCT/EP2004/051034 

5 

time. The pressing time and force are selected so that the adhesive layer is compressed 
by the component and provides contact between the component and the substrate on as 
large as surface as possible without emerging at lateral borders of the component, in 
particular borders at which a single transition to another component occurs, to an extent 
5 that this has an effect on the signal transmission between the components. 

In order to achieve this, it is appropriate to define the pressing force and/or time 
dependent on the shape of the component to be glued. The larger its surface is, the 
longer will usually be the time which the adhesive layer needs for distributing evenly 
10 under the component and which the air that may be trapped in the adhesive layer needs 
for escaping from said layer. 

r 

In order to avoid damaging the components or a substrate on which they are to be 

• w * 

placed while placing the comp5nents, the component, which is held by the placing 
15 machine and is moved in a direction essentially perpendicular to the surface of the 
substrate, is decelerated before reaching the surface of the substrate. 



_T!l5j!^pwledge of the_position_of-this surface required for a timely deceleration may^be" 
obtained by a controller of the placing machine by direct measurement, for example by 
20 optical triangulation of said surface. It may also be calculated from a known height of 
the base plate and the thickness of the substrate, which is assumed to be known. The 
height of the base plate may be regarded as a constant property of the placing machine. 
In order to take account of eventual inaccuracies of placement of the base plate, it may 
be provided that the position of at least three first reference marks at the base plate are 
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detected in all three directions of space (including the height), and that the height of the 
substrate at the target position at which the component is to be placed is calculated 
based on the detected heights of said three first reference marks. 

5 The steps of the method described above may all be carried out at an individual placing 
machine which successively carries out the placing of one or more substrates on die 
base piate and or further components to be mounted on the substrates. However, it is 
also possible to distribute the execution of the method to two (or more) placing 
machines so that for at least one of the substrates to be placed on the base plate, steps a) 

10 and b) are carried out at a first placing machine and steps c) and d) for at least one 
component to be placed on the relevant substrate are carried out at a second placing 
machine. In this way, the number of different components that have to be handled by a 
placing machine can be reduced, so that the path lengths along which a gripper of the 
placing machine moves between a components store and the base plate may be reduced 

1 5 and the placing fi-equency may be increased. 

Preferably, the predefined position data needed by said at least one placing machine is 
directjy transmitted to the.placing machine from a GAD sys^tem: 

20 Further features and advantages of the invention become apparent from the subsequent 
description of an embodiment referring to the appended drawings. 

Fig. 1 is a schematic top view of a placing machine with which the method of the 
invention can be carried out; 
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Fig. 2 is a schematic perspective view of a base plate with circuit components placed 
on it; 

5 Fig. 3 is a flow chart of &e placing method of the invention; 

Figs. 4A to 4C are diagrams for illustrating the mode of operation of the method; 
and 

10 Fig. 5 shows sub-steps of steps S6, SI 1 of the method of Fig. 3. 

Fig. 1 is a schematic top view of a placing machine with which the method the 
invention can be carried out On a vibration-dampened table top 1, the machine 

■ « • 

comprises two built conveyor devices 2, 3 which are operable for conveying circuit 
15 supports 4 on which a base plate 6 on which components are to be mounted is fixed by 

means of claws 5 from a magazine loader 7 not. shown in detail to a placing location 8, 

and, after placing, out of the placing machine for further processing. The built conveyor 
ctevices both have an ejongate,horizontal plate~9, around which in a lateral region driven " 

belts 10 are slung on which the circuit supports 4 rest, which are to be conveyed. The 
20 circuit supports 4 are guided with little clearance between lateral flanks 1 1 . 

The placing location 8 is formed by a vertically displaceable table which is inserted into 
the plate 9 of band conveyor device 3 and which, for placing, is raised against an 
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abutment in order to lift the circuit support 4 of the belts 10 and to bring it to a well 
defined and reproduceable level. 

* 

A dispenser 13 for adhesive and a gripper 14 are displaceable on rails 15 parallel to the 
5 conveying direction of built conveyor devices 2, 3 and on rails 16, 17 transverse to the 
conveying direction. J^urther, the dispenser 13 and the gripper 14 are vertically 
displaceable. A control circuit 1 8 controls the movement of the dispenser 1 3 and the 
gripper 14 based on construction data of the circuit to be mounted on the base plate 6. 
The control circuit 18 is equipped with a digital inter-face and/or a reading device for 
10 mobile data carriers for receiving this construction data. 

The control circuit 18 is further coupled to two cameras 19 which are held above the 
table top 1 and are oriented to the placing location 8 from various directions. 

15 Fig. 2 is a perspective view of an example of the base plate 6 with a plurality of 
components placed there upon, the components comprising substrates 20, 21, 22 and 
electronic components 23 placed on said substrates. The base plate 6 is provided with 

thre.e_j-eference_marks -24.~When the base-plate-6 is at the placing location 8^ these" 

■ 

reference marks 24 are detected by the cameras 19, and the control circuit 18 calculates 
20 the position of the reference marks 24 in a coordinate system x, y, z referring to the 
placing machine, the axes of which are for example selected such that x is aligned with 
the conveying direction, y with the transverse direction and the horizontal plane and z 

R 

with the vertical direction. 
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In a simple embodiment of the method, the control circuit 1 8 may detect only the x and 
y coordinates and to assume the z coordinate of the upper side of the base plate 6, on 
which the components are to be placed, as predefined by the height of the displaceable 
table at the placing location 8 and the thickness of base plate 6. 

5 

To this effect, a simplified embodiment, when corn-pared to Fig. 1, of a placing 
machine might be sufficient that has only one camera 19, which is then preferably 
directed to the base plate 6 vertically from above. An approximate measurement of the 
said coordinate of the base plate is also possible using such a camera, applying auto- 
10 focus techniques known fi-om photography. In the embodiment of Fig. 1 having two 
cameras 19, the control circuit 18 can calculate the x, y and z coordinates of the 
reference marks 24 from the images obtained by the cameras 1 9 with similar accuracy. 

« ■ « 

The placing machine of Fig. 1 serves both for applying glue using the dispenser 13 and 
15 for placing components of the circuit using the gripper 14, on the applied glue, while 
base plate 6 is located at the placing location 8. In order to prevent interference of 
dispenser 13 and gripper 14 while processing a base plate, or in order to increase the 
tlux)ughput of ft 

two processing locations connected by belt conveyor means such as 2, 3 are provided, 
20 wherein at the first one of these processing locations the dispenser distributes glue on a 
base plate and simultaneously, at the second processing locations, the gripper is placing 
components on another base plate. 
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Fig. 3 illustrates the operation of the placing machine of Fig. 1 based on a flow chart. In 
step SI, the base plate of the circuit to be mounted is brought into position at the placing 
location 8. In step 82, the c^eras 19 detect their reference marks 24 of base plate 1. 

5 The coordinates of the reference marks 24, given in a coordinate system used by the 
CAD system, are also ^pontained in construction data supplied to the control circuit 1 8. 
Based on these coordinates and the coordinates detected in the xyz coordinate system, 
the control circuit 18 is capable of calculating a transformation rule for converting 
indications contained in the construction data relating to the position of the components 
10 from the a priori unknown coordinate system of the CAD sys-tem into the xyz 
coordinate system of the placing machine (S3) and to carry out such a conversion (step 
S4). 

* * * 

In the next step 85, the control circuit 18 selects a substrate to be placed on base plate 6, 
15 for example the substrate 20 of the example of Fig. 2. To this effect, the construction 
data may contain, for each component, an indication about whereupon, on the base plate 
6 or a substrate to be placed (directly or indirectly) on the base plate 6 it is to be 

^mounted. However, Jt is also-possible t^ 

the shape of the base plate and position and shape of the components contained in the 
20 construction data, which of them must be placed immediately on the base plate. 

After the substrate 20 has been selected in the data, the control circuit 18 causes the 
gripper 14 to grip a specimen of this substrate 20 from a component supply 25 and to 
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place it on the base plate 6 according to the indications in Ae construction data in step 
S6. 

The substrate 20 itself has reference marks 26 which, in step S7, are detected by the 
5 control circuit 18. If the placement of the substrate 20 had been absolutely accurate, the 
detected positions of the reference marks 26 would agree with the theoretical positions 
specified in the construction data. Based on differences between the measured and the 
theoretical positions of the reference marks 26, the control circuit 18 calculates a further 
transformation law in step S8, which transforms the theoretical positions of the 
10 reference marks 26 into the measured positions. This transformation law is applied to 
the position data of all components to be placed directly or indirectly on the substrate 20 
in step S9, that is to the substrates 21, 22 and the electronic components 23 located 
thereupon in the example of Fig. 2. 

• ■ * 

15 The use of this procedure is illustrated in Figs. 4 A to 4C. Vectors V20, V21 indicate the 
positions of a reference point, here a comer, of the substrates 20, 21, in the xy plane of 
the xyz coordinate system of the placing machine. The position of the two substrates is 
^^'^P^?^?]^ vector.and an orientation angle a 20 and a 21 respectively. 

20 Fig. 4B shows as a phantom outline the desired position of substrate 20 as specified in 
the construction data, and — with a highly exaggerated displacement - a real position of 
the placed substrate 20 as a solid outline. As will be recognized at once, an incorrect 
position of the substrate 21 on substrate 20 would result if the displacement of the 
substrate 20 was not taken into account when placing the substrate 21. However, by the 
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transformation of step S9, the position at which the control circuit 18 will mount the 
substrate 21 is displaced to the position shown in Fig. 4C as a solid outline, so that the 
substrate 21 is placed correctly with respect to the substrate 20. 

5 After this correction, the control circuit selects, among the circuit components to be 
placed on the substrate 20, a circuit component, which is to be placed directly on the 
substrate 20, that is one of the substrates 21, 22 in the case of Fig. 2, and places it in step 
Sll. Since the placed circuit component is a substrate, the procedure branches 
recursively back from step S12 to step S7, whereby reference marks, this time those of 
10 substrate 22, are detected. Again, a transformation law is generated which is now 
applied to the coordinates of the components to be placed on substrate 21. In the case 
considered here, these components are two electronic circuit components 23, not 
substrates, which are placed by twice executing steps Sll to SI 3. If there. were any 

- • 
- • # 

substrates among the components to be placed, steps S7 to SI 3 would have to be 
15 repeated at a further recursion level, not shown in Fig. 3. 

When the substrate 2 1 is completely equipped with components, the procedure returns 
to step S13 of the Jfirst recursionJevel, in whieh- t 

afterwards, steps S7 to S 1 3 are repeated for the electronic components 23 to be placed 
20 on it. 

When the substrate 20 has thus been completely equipped with components, the control 
circuit 18 checks in step SI 4 whether there are any substrates to be placed on base plate 
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6 left in the construction data. Since this is not a case in the example of Fig. 2, the 
procedure ends here. 

The sub-steps to be carried out when placing a component in steps S6 and Sll are 

♦ « 

5 briefly explained referring to the flow chart of Fig. 5. 

First, in step S60, adhesive is applied to that portion of the surface of the substrate upon 
which the component is to be placed. This step may be carried out subsequently for all 
components to be placed on a substrate, before beginning to place them. 

10 

When the gripper 14 has taken a component irom a components supply specified by a 
control circuit 1 8, it moves to b position in the xy plane above the position specified for 
the relevant component in the construction data in step S61 . In part, this movement may 
occur simultaneously with a fast downward movement of the gripper in step S61, at 
15 least until a height is reached at which no contact with placed circuit components will 
occur. The height (the said coordinate) of the surface where the circuit component is to 
be de-posited is known, either by calculation from the positions of reference marks such 
as 24 or 26 of said surface det^ted by Jhe_cameras- J 9 -or- by- calculation- fr^ 
construction data. 

20 

When the height becomes less then a threshold height, which depends on the speed of 
displacement of the gripper (S63), the speed of the gripper is reduced (S64) to prevent a 
forceful collision between the component held by the gripper and the surface on which 
it is to be placed. Such a forceful collision could cause damage of the component or an 
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uncontrolled leakage of adhesive from the gap between the component and the surface. 
The gripper is equipped witii a force sensor, to allow detection of the pressure e:Sected 
upon the component as soon as it comes into contact with the adhesive layer at the 

4 

surface. This force is set to a value which is specified in the construction data and is 
5 predefined depending on the viscosity of the adhesive and the size and shape of the 
contact surface between the component and the adhesive layer. This value is empirically 
defined such that the adhesive layer is compressed sufficiently to drive air out of the gap 
between the component and the surface without causing the adhesive to emerge so far 
from the sides of the circuit component that it has an effect on the signal transmission of 
10 the pressed components or adjacent components, e.g. by rising in a gap between two 
such components. The pressure is maintained for a short time interval which, taking 
account of the viscosity properties of the adhesive, is selected to be long enough for 
elastic tension in the adhesive layer to decay. Thus the component will remain exactly 

■ • • 

in the position in which it was deposited when the gripper releases it and is raised again. 

15 



